Kinetic analysis of the 4-methylideneimidazole-5-one-containing tyrosine aminomutase in enediyne antitumor antibiotic C-1027 biosynthesis.
The enediyne antitumor antibiotic C-1027 contains an unusual (S)-3-chloro-4,5-dihydroxy-beta-phenylalanine moiety, which requires an aminomutase for its biosynthesis. Previously, we established that SgcC4 is an aminomutase that catalyzes the conversion of L-tyrosine to (S)-beta-tyrosine and employs 4-methylideneimidazole-5-one (MIO) at its active site [Christenson, S. D., Liu, W., Toney, M. D., and Shen, B. (2003) J. Am. Chem. Soc. 125, 6062-6063]. Here, we present a thorough analysis of the properties of SgcC4. L-Tyrosine is the best substrate among those tested and most likely serves as the in vivo precursor for the (S)-3-chloro-4,5-dihydroxy-beta-phenylalanine moiety. The presence of MIO in the active site is supported by several lines of evidence. (1) Addition of ATP or divalent metal ions has no effect on its aminomutase activity. (2) SgcC4 has optimal activity at pH approximately 8.8, similar to the pH optima of MIO-dependent ammonia lyases. (3) SgcC4 is strongly inhibited by sodium borohydride and potassium cyanide, but preincubation with L-tyrosine or 4-hydroxycinnamate largely prevents this inhibition. (4) The difference spectrum between SgcC4 and its S153A mutant shows a positive peak at approximately 310 nm, indicative of MIO. (5) The S153A mutation lowers k(cat)/K(M) 640-fold. The SgcC4-catalyzed conversion of L-tyrosine to (S)-beta-tyrosine proceeds via 4-hydroxycinnamate as an intermediate. The latter also acts as a competitive inhibitor with respect to L-tyrosine and serves as an alternative substrate for the production of beta-tyrosine in the presence of an amino source. A full time course for the SgcC4-catalyzed interconversion between L-tyrosine, beta-tyrosine, and 4-hydroxycinnamate was measured and analyzed to provide estimates for the rate constants in a minimal mechanism. SgcC4 also exhibits a beta-tyrosine racemase activity, but alpha-tyrosine racemase activity was not detected.